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bbQ+Bi2/ rBi? i?2 ?2`2 /Bb+mbb2/ +?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i2 +Q2{+B2Mib Q7 *2+- L3+- P4+ U6Q;H2 2i 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HXRyd
kyRjV- L26+ UP`#M 2i 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H+mH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bKRR3
`i2 +Q2{+B2Mib `2 T`2b2Mi2/ 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G2p2H
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iBQM 2M2`;v GB72iBK2
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 Uq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U2oV U2oV UbV
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Rb2kbkT 3S1 jjX9yN jjX9kj8 RX9d8(@d)
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i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i i?2 AMbiBimi2 Q7 JQ/2`MRkk
S?vbB+b BM GMx?Qm- *?BMX  /2i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M; 2i 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M+2 U1*_V BQMRkd
bQm`+2 - 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b 2KTHQv2/ iQ KBMiBM i?2RjR
?B;? [mHBiv BQM #2K #v K2Mb Q7 2H2+i`QM +QQHBM;X h?2 2H2+i`QM #2K rb 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K r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`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b b2i 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 bmBi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i?2 KQK2MimK bT`2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b 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`;2 bii2 M/R89
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b 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bR8e
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HX UkyyyVXR83
h?2 2H2+i`QM@BQM +QHHBbBQM 2M2`;v BM i?2 +2Mi2` Q7 Kbb 7`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√
m2ec
4 +m2i c
4 + 2memiγeγic4(1− βeβi cos θ)
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−mic
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iBQM `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 p2`b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/B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F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@p2`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H+mH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K2 rv b 7Q`Rdj
`14+ Ub22 >m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1H2+i`QM@BQM `2+QK#BMiBQM Q7 * soAA N
Dmbi2/ iQ Ki+? i?2 bT2+i`Qb+QTB+ pHm2b 7`QK LAah iQKB+ bT2+i`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i#b2 UE`KB/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iBQMXRde
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iBQM `i2 +Q2{+B2Mib rBi? i?2
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H +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`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Eres(n) = Eexc −R
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n2
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 MmK#2` Q7 i`MbBiBQMb Q7 BMi2`2biX h?2 7Q`KmH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M/ i?2 +Q`2 2H2+i`QMb Bb p2`v r2FXR38
>Qr2p2`- i?2 HQr@n `2bQM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QM i?2B` rv iQ i?2 /2i2+iQ`X h?2 KQiBQMH 2H2+i`B+ }2H/b i?i i?2 BQMb 2tT2`B2M+2 BM i?2b2 K;M2ibR3N
Ry a?m@sBM; qM; 2i HX
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Electron-ion collision energy (eV)
6B;m`2 RX #bQHmi2 2H2+i`QM@BQM `2+QK#BMiBQM `i2 +Q2{+B2Mib Q7 "2@HBF2 * b  7mM+iBQM Q7 +QHHBbBQM 2M2`;vX
h?2 2tT2`BK2MiH `2bmHi Ui?2 +QMM2+i2/ }HH2/ +B`+H2bV +Qp2`b i?2 2M2`;v `M;2 y@8RX33 2oX h?2 T`2b2MiHv
+H+mHi2/ }2H/@BQMBxiBQM@7`22 `i2 +Q2{+B2Mi Ui?2 `2/ bQHB/ HBM2V ++QmMib 7Q` 7`+iBQMb Q7 N8W ;`QmM/@bii2
BQMb M/ 8W 2s2p 3P0 K2ibi#H2 BQMbX h?2 TBMF b?/2/ `2 b?Qrb i?2 `i2 +Q2{+B2Mi Q`B;BMiBM; 7`QK
i?2 K2ibi#H2 bii2 BQMbX ._ M/ h_ `i2 +Q2{+B2Mib `2 /2MQi2/ #v b?/2/ ;`22M M/ #Hm2 +m`p2b-
`2bT2+iBp2HvX h?2 p2`iB+H #`b #2HQr i?2 bT2+i` /2MQi2 i?2 2biBKi2/ `2bQMM+2 TQbBiBQMb U1[X 8V 7Q` i?2
ëL 4 y b2`B2b Q7 ._ `2bQMM+2b bbQ+Bi2/ rBi? 2s2 1S0 → 2s2p 3P0,1,2,1 P1 +Q`2 2t+BiiBQMbX h_ `2bQMM+2
TQbBiBQMb bbQ+Bi2/ rBi? i?2 2s2 1S0 → 2p2 3P0,1,2,1D2,1 S0 +Q`2 2t+BiiBQMb `2 BM/B+i2/ #v i?2 /Bz2`2MiHv
+QHQ`2/ p2`iB+H #`b #Qp2 i?2 bT2+i`X
H2/ iQ }2H/ BQMBxiBQM Q7 _v/#2`; 2H2+i`QMb rBi? i?2B` T`BM+BTH [mMimK MmK#2`b n > ncutoff rBHHRNy
#2 }2H/@BQMBx2/ i i?2 K;M2ib #27Q`2 #2BM; /2i2+i2/X h?2 }2H/@BQMBx2/ BQMb +MMQi #2 b2T`i2/RNR
7`QK i?2 T`BK`v BQM #2K M/- +QMb2[m2MiHv- rBHH MQi #2 /2i2+i2/X h?2 +mi@Qz [mMimK MmK#2`RNk
ncutoff +M #2 2biBKi2/ #v  bBKTH2 7Q`KmH U6Q;H2 2i HX kyy8VX >Qr2p2`- i?2 T`2b2Mi 2tT2`BK2MiHRNj
1H2+i`QM@BQM `2+QK#BMiBQM Q7 * soAA RR
`2+QK#BMiBQM bT2+i`mK /Q2b MQi +Qp2` ?B;?@n _v/#2`; H2p2Hb +QMp2`;BM; iQ i?2 2s2p(1P1) b2`B2b HBKBiRN9
i e9XjyR 2o M/ i?2 2s2p(3PJ) b2`B2b HBKBib i #Qmi jk@jd 2o Uh#H2 RV `2 MQi T`QKBM2MiHv pBbB#H2-RN8
2Bi?2`- bm+? i?i i?2`2 `2 MQ K`F2/ }2H/@BQMBxiBQM 2z2+ib QM i?2 T`2b2MiHv K2bm`2/ ._ bT2+i`mKXRNe
h?2 ;`22M b?/2/ `2 BM 6B;m`2 R /2MQi2b i?2 +H+mHi2/ 2s2 → 2s2p △N = 0 ._ `i2 +Q2{+B2MiXRNd
Ai Bb +H2` i?i- i?2 72im`2b #2HQr 8y K2o- `QmM/ RX8 2o M/ kdX8 2o- +M MQi #2 ii`B#mi2/ iQ ._RN3
`2bQMM+2bX Ai +M #2 b22M 7`QK 6B;m`2 R i?i i?2 2tT2`BK2MiH 72im`2b ;`22 #2ii2` rBi? i?2 bQHB/ `2/RNN
HBM2 r?B+? iF2b h_ +QMi`B#miBQMb BMiQ ++QmMiX h?2 }`bi `2bQMM+2b bBimi2/ #2HQr 8y K2o- r?B+?kyy
+M #2 ii`B#mi2/ iQ h_- `2 bB;MB}+MiHv bi`QM;2` i?M Mv Qi?2` `2bQMM+2 72im`2 BM i?2 bT2+i`mKXkyR
h?2 `2bQMM+2 bi`2M;i?b Q7 i?Bb 72im`2 M/ Q7 i?Qb2 i `QmM/ RX8 2o M/ kdX8 2o- r?B+? `2 HbQkyk
/QKBMi2/ #v h_- `2 HH mM/2`2biBKi2/ #v i?2 i?2Q`2iB+H +H+mHiBQMX >Qr2p2`- i?2 +H+mHi2/kyj
`2bQMM+2 TQbBiBQMb }i rBi? i?2 2tT2`BK2MiH `2bmHi r2HHX h?2`27Q`2- i?2 /Bb+`2TM+B2b #2ir22M i?2ky9
2tT2`BK2MiH `i2 +Q2{+B2Mib M/ +H+mHi2/ `2bmHi `2 KBMHv /m2 iQ i?2 mM/2`2biBKiBQM Q7 i?2 h_ky8
`2bQMM+2 bi`2M;i?bX b /2b+`B#2/ #v a+?M2HH 2i HX UkyyjV- i?2 7Q`KiBQM Q7 i?2 BMi2`K2/Bi2 H2p2Hbkye
/2T2M/b b2MbBiBp2Hv QM i?2 /2iBHb Q7 +QM};m`iBQM KBtBM;- KFBM; i?2 +H+mHiBQM Q7 i`B2H2+i`QMB+kyd
`2+QK#BMiBQM  +?HH2M;2 7Q` iQKB+@bi`m+im`2 i?2Q`vXky3
b  "2@HBF2 40*16+ BQM rBi? x2`Q Mm+H2` bTBM- Bib 2s2p 3P0 2t+Bi2/ H2p2H +M QMHv /2+v iQ i?2kyN
;`QmM/@bii2 #v 1RJR irQ@T?QiQM i`MbBiBQM UJ`[m2b 2i HX RNNjc *?2M; 2i HX kyy3c 6`Bixb+?2 2i HXkRy
kyR8VX *Q``2bTQM/BM;Hv- i?2 bbQ+Bi2/ HB72iBK2 Q7 i?Bb bii2 Bb #Qmi 2.3 × 106 b- r?B+? Bb Km+?kRR
HQM;2` i?M i?2 2tT2`BK2MiH iBK2b+H2X  7`+iBQM Q7 i?2 +B`+mHiBM; BQMb BM i?2 biQ`;2 `BM; r2`2kRk
2tT2+i2/ iQ #2 i i?2 2s2p 3P0 H2p2H /m`BM; i?2 2tT2`BK2MiX AQMb BM Qi?2` 2t+Bi2/ H2p2Hb +M /2+vkRj
iQ i?2 ;`QmM/@H2p2H /m`BM; i?2 2H2+i`QM +QQHBM; /2Hv #27Q`2 i?2 K2bm`2K2Mi bBM+2 i?2B` HB72iBK2bkR9
`2 `i?2` b?Q`i +QKT`2/ iQ i?2 k b /2Hv iBK2 Ub22 h#H2 RVX h?2 7`+iBQMb Q7 i?2 HQM;@HBp2/ 3P0kR8
K2ibi#H2 H2p2H r?2M 2ti`+i2/ 7`QK M 1*_ BQM bQm`+2 r2`2 /Bb+mbb2/ #v P`#M 2i HX UkyyRVXkRe
++Q`/BM;Hv- i?2 T2`+2Mi;2 Q7 i?2 K2ibi#H2 BQMb /2+`2b2b rBi? BM+`2bBM; +?`;BM; bii2 rBi?BMkRd
i?2 "2@HBF2 BbQ2H2+i`QMB+ b2[m2M+2X 6Q` 2tKTH2- K2ibi#H2 7`+iBQMb Q7 eyW- 9yW- j8W M/ R9W r2`2kR3
7QmM/ 7Q` *2+- L3+- P4+- M/ L26+ BQM #2Kb- `2bT2+iBp2HvX aBM+2 r2 HbQ mb2/ M 1*_ BQM bQm`+2kRN
iQ T`Q/m+2  "2@HBF2 +H+BmK BQM #2K-  7`+iBQM Q7 8W K2ibi#H2 +H+BmK BQMb rb 2biBKi2/Xkky
Rk a?m@sBM; qM; 2i HX
h?Bb +Q``2bTQM/b `Qm;?Hv iQ r?i rb T`2pBQmbHv bbmK2/ 7Q` M2B;?#Q`BM; K2K#2`b Q7 i?2 "2@HBF2kkR
BbQ2H2+i`QMB+ b2[m2M+2 Q7 BQMb bm+? b `14+ U>mM; 2i HX kyR3V M/ hB18+ Ua+?BTT2`b 2i HX kyydVXkkk
 b2T`i2 +H+mHiBQM Q7 2H2+i`QM@BQM `2+QK#BMiBQM 7Q` 8W 2s2p 3P0 K2ibi#H2 BQMb rb +QM/m+i2/kkj
mbBM; lhPah_l*hl_1 +Q/2 `2bmHiBM; BM i?2 TBMF b?/2/ +m`p2 BM i?2 BMb2i Q7 6B;m`2 RX Ai Bb 7QmM/kk9
i?i KQbi Q7 i?2 `2bQMM+2 72im`2b #2HQr RXk8 2oX 6Q` M Qp2`HH +QKT`BbQM rBi? i?2 2tT2`BK2MiHkk8
`2+QK#BMiBQM bT2+i`mK b?QrM BM 6B;m`2 R- i?2 `i2 +Q2{+B2Mib 7Q` ;`QmM/@H2p2H M/ K2ibi#H2 BQMbkke
r2`2 b+H2/ iQ N8W M/ 8W- `2bT2+iBp2HvX qBi? i?Bb /DmbiK2Mi- i?2 Qp2`HH ;`22K2Mi #2ir22M i?2kkd
2tT2`BK2Mi M/ i?2Q`v Bb biBb7+iQ`v 2t+2Ti 7Q` i?2 bi`QM; h_ `2bQMM+2b b /Bb+mbb2/ #Qp2Xkk3
h?2 mM+2`iBMiv Q7 i?2 K2bm`2/ `i2 +Q2{+B2Mib Bb 2biBKi2/ iQ #2 H2bb i?M jyW Ui  Rσ +QM}/2M+2kkN
H2p2HV- BM+Hm/BM;  R8W mM+2`iBMiv /m2 iQ biiBbiB+b- 2H2+i`QM M/ BQM #2K +m``2Mi- 2H2+i`QM@BQMkjy
BMi2`+iBQM H2M;i?- i?2 #+F;`QmM/ bm#i`+iBQM- M mM+2`iBMiv Q7 8W 7`QK i?2 2biBKi2/ K2ibi#H2kjR
+QMi2Mi M/ M mM+2`iBMiv Q7 kyW /m2 iQ i?2 2H2+i`QM /2MbBiv /Bbi`B#miBQM T`Q}H2 M/ i?2 TQbBiBQMkjk
Q7 i?2 BQM #2K BM i?Bb T`Q}H2Xkjj
9XkX SHbK `2+QK#BMiBQM `i2 +Q2{+B2Mibkj9
6Q` i?2 TTHB+iBQMb BM THbK KQ/2HBM; M/ bi`QT?vbB+b- THbK `2+QK#BMiBQM `i2 +Q2{+B2Mib 7Q`
i?2 `2bQMMi `2+QK#BMiBQM +?MM2Hb `2 M22/2/X h?2 i2KT2`im`2 /2T2M/2Mi THbK `i2 +Q2{+B2Mi
α(Te) +M #2 Q#iBM2/ #v +QMpQHmiBM; i?2 __@bm#i`+i2/ 2tT2`BK2MiH `2+QK#BMiBQM `i2 +Q2{+B2Mi
rBi?  Jtr2HH@"QHixKMM 2H2+i`QM 2M2`;v /Bbi`B#miBQM Q7 i2KT2`im`2 Te Ua+?BTT2`b 2i HX kyyRV,
α(Te) =
∫
α(E)f(E, Te)dE, UeV
f(E, Te) Bb i?2 2H2+i`QM 2M2`;v /Bbi`B#miBQM,
f(E, Te) =
2E1/2
pi1/2(kTe)3/2
exp(−
E
kTe
). UdV
h2KT2`im`2 /2T2M/2Mi THbK `i2 +Q2{+B2Mi /2`Bp2/ 7`QK i?2 2tT2`BK2MiH `2bmHi M/ i?2 l@kj8
hPah_l*hl_1 +H+mHi2/ `i2 +Q2{+B2Mi `2 /BbTHv2/ BM 6B;m`2 kX aBM+2 i?2 T`2b2MiHv K2bm`2/kje
`i2 +Q2{+B2Mi KBbb2b i?2 1P1 b2`B2b HBKBi- i?2 K2bm`2/ 2H2+i`QM@BQM `2+QK#BMiBQM `i2 +Q2{+B2Mikjd
7`QK 9k iQ dy 2o rb `2TH+2/ #v i?2 lhPah_l*hl_1 +H+mHiBQM BM+Hm/BM; i?2 `2+QK#BMiBQMkj3
1H2+i`QM@BQM `2+QK#BMiBQM Q7 * soAA Rj
BMiQ bii2b mT iQ nmax = 1000X Ai b?QmH/ #2 MQi2/ i?i i?2 +QMi`B#miBQM 7`QK `2+QK#BMiBQM BMiQ `2b@kjN
QMM+2 H2p2Hb rBi? n > 1000 +M #2 +QMbB/2`2/ iQ #2 p2`v bKHH M/- i?mb- #2 b72Hv M2;H2+i2/X am+?k9y
 /2`Bp2/ THbK `i2 +Q2{+B2Mi Bb +HH2/ }2H/@BQMBxiBQM@7`22 THbK `2+QK#BMiBQM `i2 +Q2{+B2MiXk9R
Ai Bb b?QrM b  #H+F bQHB/ HBM2 BM 6B;m`2 k M/ jX hQ +QKT`2 rBi? i?2 i?2Q`2iB+H `i2 +Q2{+B2Mibk9k
7`QK i?2 HBi2`im`2- i?2 +H+mHi2/ K2ibi#H2 +QMi`B#miBQM rb bm#i`+i2/ 7`QK i?2 2tT2`BK2MiHHvk9j
/2`Bp2/ `i2 +Q2{+B2MiX h?2 `2KBMBM; `i2 +Q2{+B2Mi rb i?2M `2MQ`KHBx2/ iQ  RyyW ;`QmM/@H2p2Hk99
BQM #2K #v /BpB/BM; Bi #v  7+iQ` Q7 yXN8X h?2 /b?2/ M/ /Qii2/ HBM2b BM 6B;m`2 k b?Qr i?2 ._ M/k98
h_ +QMi`B#miBQMb- `2bT2+iBp2HvX h?2 p2`iB+H 2``Q` #`b /2MQi2 i?2 jyW mM+2`iBMiv Q7 i?2 K2bm`2/k9e
`2+QK#BMiBQM `i2 +Q2{+B2MiXk9d
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6B;m`2 kX SHbK `i2 +Q2{+B2Mib 7Q` ._ M/ h_ Q7 "2@HBF2 *16+ b  7mM+iBQM Q7 i?2 2H2+i`QM i2KT2`im`2X
h?2 bQHB/ #H+F HBM2 Bb i?2 2tT2`BK2MiHHv /2`Bp2/ ëL 4 y ._ M/ h_ `i2 +Q2{+B2MibX h?2 i?2Q`2iB+H
`2bmHib /2/m+2/ 7`QK i?2 lhPah_l*hl_1 +Q/2 7Q` ëL 4 y ._ M/ h_ `2 b?QrM b ;`22M /b?2/
HBM2 M/ #Hm2 /Qii2/ HBM2- `2bT2+iBp2HvX h?2 `2/ bQHB/ HBM2 Bb i?2 bmK Q7 i?2 +H+mHi2/ ._ M/ h_ `i2
+Q2{+B2MibX h?2 TT`QtBKi2 i2KT2`im`2 `M;2b r?2`2 *16+ Bb 2tT2+i2/ iQ 7Q`K BM T?QiQBQMBx2/ THbKb
M/ +QHHBbBQMHHv BQMBx2/ THbKb `2 BM/B+i2/ #v ;`2v b?/2/ `2b M/ bbQ+Bi2/ ``Qrb UEHHKM 
"miBbi kyyRc "`vMb 2i HX kyyNVX h?2 2``Q` #`b /2MQi2  jyW 2tT2`BK2MiH mM+2`iBMivX
h?2 i2KT2`im`2 `M;2 BM 6B;m`2 k Bb 7`QK Ry3 E iQ Ry8 EX Ai BM+Hm/2b i?2 `M;2b r?2`2 "2@HBF2k93
* 7Q`Kb BM T?QiQBQMBx2/ M/ +QHHBbBQMHHv BQMBx2/ THbKbX h?2 ;`2v b?/2/ `2b rBi? bbQ+Bi2/k9N
``Qrb BM/B+i2 i?2b2 i2KT2`im`2 `M;2bX h?2 #QmM/`B2b Q7 i?2b2 `M;2b +Q``2bTQM/ iQ i?2 i2K@k8y
R9 a?m@sBM; qM; 2i HX
T2`im`2 r?2`2 i?2 7`+iBQMH #mM/M+2 Q7 "2@HBF2 * Bb RyW Q7 Bib KtBKmK pHm2 EHHKM k8R
"miBbi UkyyRVc "`vMb 2i HX UkyyNVX h_ `2bQMM+2b /QKBMi2 i?2 `i2 +Q2{+B2Mi 7Q` i2KT2`im`2bk8k
#2HQr jX8×Ry4 EX h?2v THv M BKTQ`iMi `QH2 BM T?QiQBQMBx2/ THbKb r?BH2 i?2 h_ +QMi`B#miBQMk8j
iQ i?2 `i2 +Q2{+B2Mi Bb H2bb i?M RyW BM i?2 i2KT2`im`2 `M;2 Q7 +QHHBbBQMHHv BQMBx2/ THbKbX 6Q`k89
i2KT2`im`2b #2HQr 8X8×Ry4 E r?2`2 i?2 h_ +QMi`B#miBQM Bb ?B;?2` i?M 9yW- i?2 /2pBiBQM #2ir22Mk88
i?2 2tT2`BK2MiHHv /2`Bp2/ THbK `i2 +Q2{+B2Mi M/ i?2 lhPah_l*hl_1 +H+mHiBQM Bb KQ`2k8e
i?M 98WX Pp2` i?2 i2KT2`im`2 `M;2 Q7 T?QiQBQMBx2/ THbKb i?Bb /2pBiBQM /2+`2b2b 7`QK 98Wk8d
iQ jyW rBi? i?2 /2+`2b2 Q7 i?2 h_ +QMi`B#miBQMX M ;`22K2Mi Q7 #2ii2` i?M k8W- BX2X- rBi?BM i?2k83
2tT2`BK2MiH mM+2`iBMiv Bb 7QmM/ #2ir22M i?2 T`2b2Mi 2tT2`BK2MiH `2bmHi M/ i?2 lhPah_l*@k8N
hl_1 +H+mHiBQM BM i?2 +QHHBbBQMHHv BQMBx2/ i2KT2`im`2 `M;2X  `2bQM#H2 2tTHMiBQM Bb i?ikey
i?2 i?2Q`2iB+H +H+mHiBQM mM/2`2biBKi2b i?2 h_ `2bQMM+2 bi`2M;i?b #2HQr 8y K2o- `QmM/ RX8 2okeR
M/ kdX8 2oXkek
6Q`  +QMp2MB2Mi mb2 Q7 Qm` /i BM THbK KQ/2HBM; +Q/2b- i?2 T`2b2MiHv /2`Bp2/ THbK `i2
+Q2{+B2Mib r2`2 }ii2/ rBi? i?2 7mM+iBQM,
α(Te) = T
−3/2
e
∑
i
ciexp(−
Ei
kTe
). U3V
h?2 }ii2/ pHm2b Q7 ci M/ Ei `2 HBbi2/ BM h#H2 kX h?2 }ii2/ `2bmHib `2T`Q/m+2 i?2 /i iQ rBi?BMkej
RW +`Qbb i?2 2MiB`2 i2KT2`im`2 `M;2 Q7 6B;m`2 kX h?2 }ii2/ T`K2i2`b `2bmHiBM; 7`QK i?2 l@ke9
hPah_l*hl_1 +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E`KB/- X- umX _H+?2MFQ- _2/2`- CX-  M/9yy
LAah a. h2KX kyR3- LAah iQKB+ aT2+i`9yR
.i#b2 Up2`X 8X8XkV- (PMHBM2)X pBH#H2,9yk
?iiTb,ffT?vbB+bXMBbiX;Qpfb/ (kyR3-9yj
CMm`v jy)X LiBQMH AMbiBimi2 Q7 aiM/`/b9y9
M/ h2+?MQHQ;v- :Bi?2`b#m`;- J.X9y8
GM/B- 1X-  "?iB- X EX kyyN- .L.h- N8-9ye
R88- /QB, RyXRyRefDX/iXkyy3XRyXyyj9yd
GBTTKMM- aX- 6BMF2Mi?H- JX- >mM;- GX EX- 2i HX9y3
RN3d- TC- jRe- 3RN- /QB, RyXRy3efRe8k989yN
J`[m2b- CX SX- S`2Mi2- 6X-  AM/2HB+iQ- SX RNNj-9Ry
S?_p- 9d- NkN- /QB, RyXRRyjfS?vb_2pX9dXNkN9RR
JxxQii- SX- JxxBi2HHB- :X- *QH7`M+2b+Q- aX- 9Rk
oBiiQ`BQ- LX RNN3- a- Rjj- 9yj-9Rj
/QB, RyXRy8Rfb,RNN3jjy9R9
P`#M- AX- "ƺ?K- aX- GQ+?- aX .X-  a+?m+?- _X9R8
kyy3- - 93N- 3kN- /QB, RyXRy8Rfyyy9@ejeR9Re
P`#M- AX- GQ+?- aX .X- "ƺ?K- aX-  a+?m+?- _X9Rd
kyRy- TC- dkR- Reyj-9R3
/QB, RyXRy33fyyy9@ejdsfdkRfkfReyj9RN
P`#M- AX- GQ+?- aX .X- :HMb- SX- "ƺ?K- aX- 9ky
a+?m+?- _X kyyR- S?a- hR99- yR9yj8-9kR
/QB, RyXRy33fyyjR@3N9NfkyRRfhR99fyR9yj89kk
P`HQp- .X X- E`Mix- *X- "2`M?`/i- .X- 2i HX9kj
kyyN- CS?*a- Rej- yRky83-9k9
/QB, RyXRy33fRd9k@e8NefRejfRfyRky839k8
S2`2Hb- 6X "X- -  E?M- aX JX kyyj- _- 9R-9ke
kNR-9kd
/QB, RyXRR9efMMm`2pXbi`QX9RXydReyRXRe8N8k9k3
_QKMBF- *X CX RN33- TC- jjy- Rykk-9kN
/QB, RyXRy3efRee8jR9jy
apBM- .X- :rBMM2`- :X- :`B2b2`- JX- 2i HX kyye-9jR
TC- e9k- Rkd8- /QB, RyXRy3ef8yR9ky9jk
apBM- .X qX kyyd- CS?*a- 33- yRkydR-9jj
/QB, RyXRy33fRd9k@e8Nef33fRfyRkydR9j9
a+?BTT2`b- aX kyRk- CS?*a- j33- yRkyRy9j8
ěX kyR8- LAJ"- j8y- eR-9je
/QB, RyXRyRefDXMBK#XkyR9XRkXy8y9jd
a+?BTT2`b- aX- JɃHH2`- X- :rBMM2`- :X- 2i HX kyyR-9j3
TC- 888- Rykd- /QB, RyXRy3efjkR8Rk9jN
a+?BTT2`b- aX- a+?M2HH- JX- "`M/m- *X- 2i HX99y
kyy9- - 9kR- RR38-99R
/QB, RyXRy8Rfyyy9@ejeR,kyy9yj3y99k
a+?BTT2`b- aX- "`ib+?- hX- "`M/m- *X- 2i HX99j
kyyy- S?_p- ek- ykkdy3-999
/QB, RyXRRyjfS?vb_2pXekXykkdy3998
a+?BTT2`b- aX- a+?KB/i- 1X qX- "2`M?`/i- .X-99e
2i HX kyyd- CS?*a- 83- Rjd-99d
/QB, RyXRy33fRd9k@e8Nef83fRfyk8993
ěX kyyd#- S?_pG- N3- yjjyyR-99N
/QB, RyXRRyjfS?vb_2pG2iiXN3XyjjyyR98y
ky a?m@sBM; qM; 2i HX
a+?BTT2`b- aX- "2`M?`/i- .X- JɃHH2`- X- 2i HX98R
kyRk- S?_p- 38- yRk8Rj-98k
/QB, RyXRRyjfS?vb_2pX38XyRk8Rj98j
a+?M2HH- JX- :rBMM2`- :X- "/M2HH- LX _X- 2i HX989
kyyj- S?_pG- NR- y9jyyR-988
/QB, RyXRRyjfS?vb_2pG2iiXNRXy9jyyR98e
a+?m+?- _X-  "ƺ?K- aX kyyd- CS?*a- 33- yRkyyk-98d
/QB, RyXRy33fRd9k@e8Nef33fRfyRkyyk983
qM;- EX- :mQ- sX GX- GBm- >X hX- 2i HX kyR8-98N
TCa- kR3- Re-9ey
/QB, RyXRy33fyyed@yy9NfkR3fkfRe9eR
q2M- qX ZX- J- sX- sm- qX ZX- 2i HX kyRj-9ek
LAJ"- jRd- djR-9ej
/QB, RyXRyRefDXMBK#XkyRjXydXy9j9e9
